localities of Rio de Janeiro State, little information is available.
The present study was conducted in Ilha da Marambaia (Mangaratiba municipality, in southern Rio de Janeiro State). The relevance of this work is based on the ecological importance of the galling insects, on the scarce knowledge of taxonomic, biological and geographical distribution of gallers throughout all Brazilian territory and on the fact that the vegetation of Ilha da Marambaia includes one of the last reserves of the Atlantic Florest in southeastern Rio de Janeiro. Furthermore, among the published insect gall inventories in the State of Rio de Janeiro, only one surveyed its southern portion .
MATERIAL AND METHODS
Sampling was carried out monthly from April 2010 to March 2011 by two researchers along the entire extension of seven beaches of Ilha da Marambaia (Mangaratiba, RJ), totaling 16 hours per month for all the beaches: Kutuca (23º4'4.85"S 43º59'39.41"W -23º3'59.17"S 43º59'33.59"W, 285 meters), 990 meters) , 1, 350 meters) , 370 meters), 260 meters) , .41"W, 400 meters), and Armação (23º2'27.43"S 43º57'15, 3, 960 meters) (Fig. 1) . The beaches were chosen due to their conservation condition (few buildings and good vegetation cover). At each beach, along its entire length, herbaceous, shrubby and arboreous plants (with up to two meters high, galled or not) were surveyed for insect galls, representing a vegetation sampling effort of 100%. Only aerial organs were investigated. All gall morphotypes were photographed in the field. Each morphotype was characterized by the plant organ of occurrence, shape, presence or absence of trichomes, complexity, color, number of internal chamber, and galling insect. The gall shape was based on Isaias et al. (2013) , and the differentiation between complex gall (with formation of new plant tissues) and simple gall (without formation of other tissues) was based on Möhn (1962) .
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Branches (whenever possible with flowers and fruits) were removed from each host plant, and pressed in the field for preparation of exsiccates. They were examined by botanists of Museu Nacional (MNRJ), Universidade Federal do Rio de Janeiro and Universidade do Estado do Rio de Janeiro (UERJ) for species identification. The botanical material was deposited in the herbarium of MNRJ. Galled branches were collected and transported to laboratory in closed and labeled plastic bags. To obtain the adults, samples of each gall morphotype were separately conditioned in closed transparent plastic pots, labeled and lined with wet paper. In the case of larvae that leave the galls, the rearing pots received a layer of approximately 10 cm of restinga soil. The pots were checked every day for newly emerged adults. When adults were found, the pots were placed in a refrigerator for some hours, to induced insect lethargy. The adults were transferred to tubes with 70% ethanol. To observe the internal chamber(s) and remove immatures, some galls were dissected, using a stylet. Samples of each gall morphotype were dried for preservation and incorporated in the gall collection of MNRJ. The gall midges (Cecidomyiidae) were mounted in microscopy slides following the methodology of Gagné (1994) , except for using butyl acetate instead of clove oil, to be less toxic and to present satisfactory results. The excedent specimens remained in 70% ethanol. The Cecidomyiidae were identified to genus level using the keys of Gagné (1994) and to species based on original descriptions. All the specimens were deposited in the Diptera collection of the MNRJ. The other insects were identified by specialists and were deposited in the collection of their institutions.
The average number of gall morphotypes per host plant species was calculated using simple arithmetic mean. The plant species and genera were considered super-host when bearing a high richness of insect galls, according Espírito-Santo & Fernandes (2007) . The richness of galling species of each beach was evaluated qualitatively, based on the number of gall morphotypes. According to temporal occurrence, the morphotypes were classified as constant (greater than or equal to 50%), accessory (between 25% and 50%) and accidental (less than or equal to 25%) as proposed by Silveira Neto et al. (1976) . The formula used was C% = (p/n) * 100, where "p" is the number of months that the gall morphotype was collected and "n" is the total number of collecting months.
RESULTS
In the restinga areas of the Ilha da Marambaia, 147 gall morphotypes were found in 70 plant species, distributed in 33 families and at least 54 genera. The average number of gall morphotypes per host plant species was 2.1 (Table I) . Fifty two insect gall morphotypes were first recorded from Brazilian restinga areas. Myrtaceae, Bignoniaceae, and Fabaceae presented the highest richness of galls (20, 13, and 11 morphotypes, respectively) and largest number of host plant species (9, 4, and 6 species, respectively), followed by Asteraceae, Euphorbiaceae, Sapindaceae, Malpighiaceae, and Nyctaginaceae (with 10, 10, 9, 9, and 8 morphotypes, respectively, Table II) . Pereira et al. (1990) . Red lines indicate the investigated beaches in this work. Insect galls of restinga areas of Ilha da Marambaia, Rio de Janeiro, Brazil Table I . Data from literature on insect gall inventories in restingas of Rio de Janeiro State Monteiro et al. 1994 Galls were found in leaves (n = 78), stems (n = 38), flowers (inflorescences and flower buds) (n = 14), buds (n = 8), fruits (n = 8), adventitious root (n = 1), with predominance of 53% of leaf galls. The majority of the gall morphotypes occurred in a unique plant organ, with three exceptions: the fusiform galls on leaves of Fridericia conjugata (Vell.) L.G. Lohmann (Bignoniaceae), the conical galls on leaves of Struthanthus concinnus Mart. (Loranthaceae), and the fusiform galls on leaves of a non identified species of Malpighiaceae, which also occurred on stems in the three species and on tendrils of the first species as well.
Thirteen gall shapes were detected, predominating the fusiform (n = 44), globoid (n = 40), lenticular (n = 18), and conical (n = 15 morphotypes). Only one morphotype presented shape variation: from conical to ovoid on Eugenia uniflora L. (Myrtaceae), being the former the most common. Eighty-nine gall morphotypes were classif ied as simple and 55 morphotypes as complex. The morphotypes were green, brown, yellow, red, pink, orange, white or black, with predominance of green color (48%). Thirty-five morphotypes presented color variation associated with the ontogenetic process. The majority of galls was one-chambered (75%), often occupied by a unique galling larva, except for the leaf conical gall on Eugenia uniflora (Myrtaceae) with two larvae in some samples. The gall characterization (shape, color, number of internal chamber, presence or absence of trichomes, vegetal organ of occurrence, complexity and inducers) is presented in Table III . The ac- cidental gall morphotypes predominated with 61% (90 morphotypes), followed by constant and accessory (with 37 and 20 morphotypes, respectively). The fusiform gall on Fridericia conjugata was constant on stems, accessory on tendrils, and accidental in leaf veins. Thirteen morphotypes were founded in all months, and 62 were founded only in a single month. The galling insects were distributed in five orders: Diptera (n = 82), Coleoptera (n = 4), Lepidoptera (n = 4), Hemiptera (n = 3), and Thysanoptera (n = 1), being Cecidomyiidae (Diptera) the main galling group (n = 80), with 85% of the total (Table IV) . The inducers of 53 morphotypes (37% of the total) were not identified, due to high rates of parasitism and to the fact that some collected galls were already unoccupied. In addition to gallers, other arthropods were associated with the galls: parasitoids, represented exclusively by Hymenoptera (in 54 morphotypes); inquilines, represented by Cecidomyiidae (Diptera), Lepidoptera, Curculionidae (Coleoptera), Thysanoptera, Sciaridae, Tephritidae (Diptera) , and Aphididae (Hemiptera) (in 6, 5, 3, 3, 1, 1, and 1 morphotypes, respectively); and predators, represented by Cecidomyiidae (in two morphotypes) and Pseudoscorpiones (Arachnida) (in only one morphotype). Fifty-one species of gall midges were identified, distributed in at least 20 genera. The best represented genera were Asphondylia Loew, 1850, Lopesia Rübsaamen, 1908 and Neolasioptera Felt, 1908 (with at least 10, 7, and 5 species, respectively). Thirty-four other cecidomyiids were identified only to suprageneric levels (4 to tribe, 3 to supertribe, and 27 to subfamily), due to the scarcity of material (absence of one of the sexes and/or of immature specimens). Among the gall midges, 49 species were gallers, 6 inquilines and two predators. The Armação beach showed the greatest diversity of galls and host plants, with 75 different morphotypes in 38 host species, followed by the beaches Suja, Kutuca, Grande, Sítio, João Manoel, and Caju, with respectively 60, 48, 38, 36, 26 and 25 morphotypes, and 35, 33, 26, 21, 16 and 17 host plants (Table II) . The majority of the galls occurred in a single beach (81 morphotypes); 29 in two beaches, 37 in three or more beaches, and only 5.4% occurred in all the investigated beaches. Insect galls of restinga areas of Ilha da Marambaia, Rio de Janeiro, Brazil
Gall Characterization Anacardiaceae

Schinus terebintifolius Raddi
Gall ( Fig. 2 Fig. 7) : on stem, fusiform, green, hairy, simple, multi-chambered. Galler: Cecidomyiinae (Diptera, Cecidomyiidae) . Locality: Suja Beach. Occurrence period: December 2010. Temporal constancy: accidental. Previous records from Brazilian restinga areas: Bertioga .
Gall (
Gall ( Fig. 8) : on leaf vein, fusiform, green-brown, hairy, simple, one-chambered. Galler: undetermined. Locality: Suja Beach. Occurrence period: December 2010. Temporal constancy: accidental. No previous records from Brazilian restinga areas. Fig. 9 ): on leaf, globoid, green-brown, hairy, complex, one-chambered. Galler: Cecidomyiinae (Diptera, Cecidomyiidae) . Associated fauna: Hymenoptera parasitoid. Locality: Suja Beach. Occurrence period: December 2010. Temporal constancy: accidental. Previous records from Brazilian restinga areas: Bertioga .
Mikania biformis DC.
Gall ( Fig. 10) : on leaf, conical, green, glabrous, simple, one-chambered. Galler: Liodiplosis cylindrica Gagné, 2001 (Diptera, Cecidomyiidae) . Associated fauna: Hymenoptera parasitoid. Localities: Suja, João Manoel, Sítio and Armação Beaches. Occurrence period: April, December 2010, January and February 2011. Temporal constancy: accessory. Previous records from Brazilian restinga areas: Bertioga .
Gall ( Fig. 11 ): on leaf, globoid, green, glabrous, simple, one-chambered. Galler: Liodiplosis spherica Gagné, 2001 (Diptera, Cecidomyiidae) . Localities: Suja, João Manoel, Sítio and Armação Beaches. Occurrence period: May, December 2010, January and February 2011. Temporal constancy: accessory. Previous records from Brazilian restinga areas: Bertioga .
Mikania micrantha Kunt.
Gall ( Fig. 12) : on stem, conical, green, glabrous, complex, one-chambered. Galler: Cecidomyiinae (Diptera, Cecidomyiidae) . Locality: Armação Beach. Occurrence period: December 2010, January, February and March 2011. Temporal constancy: accessory. No previous records from Brazilian restinga areas.
Gall ( Fig. 13 ): on leaf, conical, green, glabrous, complex, one-chambered. Galler: Cecidomyiinae (Diptera, Cecidomyiidae) . Localities: Armação Beach. Occurrence period: January and February 2011. Temporal constancy: accidental. No previous records from Brazilian restinga areas.
Porophyllum ruderale (Jack.) Cass. Fig. 14) : on inflorescence, fusiform, green, glabrous, simple, multi-chambered. Galler: undescribed species of Asphondylia (Diptera, Cecidomyiidae) This is the first record of insect galls in this plant species.
Gall (
Fridericia conjugata (Vell.) L.G. Lohmann (= Arrabidaea conjugata (Vell.) Mart.)
Gall ( Fig. 17) : on leaf, conical, green, glabrous, complex, one-chambered. Galler: Arrabidaeamyia serrata Maia, 2001 (Diptera, Cecidomyiidae) . Localities: Grande and Armação Beaches. Occurrence period: April and May 2010. Temporal constancy: accidental. Previous records from Brazilian restinga areas: Grumari, Maricá, Arraial do Cabo, Carapebus, and Jurubatiba Monteiro et al. 1994 Gall: on stem (Fig. 18) , tendril and vein, fusiform, green, glabrous, simple, one or multi-chambered. Galler: Neolasioptera sp. (Diptera, Cecidomyiidae) . Associated fauna: Lestodiplosis sp. (Cecidomyiidae, Diptera) and Cecidomyiidae sp. inquilines of stem gall, and Hymenoptera parasitoid of stem and tendril galls. Localities: Grande, Kutuca, Suja, Caju, João Manoel, Sítio and Armação Beaches. Occurrence period: April, May, July, August, September, October, November, December 2010, January and March 2011. Temporal constancy: constant on the stem, accessory on the tendril and accidental on the vein. Previous records from Brazilian restinga areas: Grumari, Maricá, Carapebus, and Jurubatiba Monteiro et al. 1994 .
Gall ( Fig. 19 ): on fruit, brown, glabrous, simple, onechambered. Galler: undeterminated. Associated fauna: Hymenoptera parasitoid, Coleoptera and Lepidoptera inquilines. Gall ( Fig. 21) : on leaf vein, fusiform, green, glabrous, simple, one-chambered. Galler: undeterminated. Locality: Suja Beach. Occurrence period: February 2011. Temporal constancy: accidental.
Gall ( Fig. 22) : on stem, fusiform, green, glabrous, simple, multi-chambered. Galler: Alycauliini (Diptera, Cecidomyiidae). Associated fauna: Hymenoptera parasitoid. Localities: Suja, Sítio and Armação Beaches. Occurrence period: March 2011. Temporal constancy: accidental.
Gall ( Fig. 23) : on flower peduncle, fusiform, green, glabrous, simple, one-chambered. Galler: Cecidomyiidae (Diptera) . Locality: Suja Beach. Occurrence period: February and March 2011. Temporal constancy: accidental. This is the first record of insect galls in this plant species.
Bignoniaceae sp. Gall ( Fig. 28 ): on leaf, conical, green, glabrous, complex, one-chambered. Galler: Cecidomyiidi (Diptera, Cecidomyiidae) . Localities: Grande, Kutuca and Suja Beaches. Occurrence period: December 2010, January and March 2011. Temporal constancy: accidental. Previous records from Brazilian restinga areas: Maricá . Insect galls of restinga areas of Ilha da Marambaia, Rio de Janeiro, Brazil
Gall (Fig
Figs. 2-29. Galls of restinga areas of Ilha da Marambaia (Mangaratiba, RJ, Brazil). 2, Schinus terebintifolius, stem gall. 3, Xylopia involucrata, globoid stem gall. 4-6, Aspidosperma pyricollum: 4, lenticular leaf gall; 5, yellow lenticular leaf gall; 6, marginal roll gall, arrow pointing to gall. 7-9, Mikania argyraea: 7, stem gall; 8, leaf vein gall; 9, globoid leaf gall. 10-11, Mikania biformis: 10, conical leaf gall; 11, globoid leaf gall. 12-13, Mikania micrantha: 12, conical stem gall; 13, conical leaf gall. 14, Porophyllum ruderale, gall on inflorescence. [15] [16] Vernonia rufogrisea: 15, stem gall; 16, Fridericia conjugata: 17, conical leaf gall; 18, stem gall, arrow pointing to gall; 19, Fridericia rego: 20, conical leaf gall; 21, leaf vein gall; 22, stem gall; 23, gall .
Gall ( Fig. 30 ): on leaf, conical, green, glabrous, complex, one-chambered. Galler: Dactylodiplosis icicaribae Maia, 2002 (Diptera, Cecidomyiidae) . Localities: Grande, Kutuca and Armação Beaches. Occurrence period: April, October, December 2010, February and March 2011. Temporal constancy: accessory. Previous records from Brazilian restinga areas: Jurubatiba, and Carapebus Gall ( Fig. 31 ): on leaf, lenticular, green-yellow, glabrous, simple, one-chambered. Galler: Psyllidae (Hemiptera). Localities: Grande, Kutuca and Armação Beaches. Occurrence period: April, May, July, Agust, Setember, October, November, December 2010, January, February and March 2011. Temporal constancy: constant. Previous records from Brazilian restinga areas: Guarapari, and Jurubatiba .
Cactaceae
Selenicereus setaceus (SD) Berg
Gall ( Fig. 32) : on stem, globoid, green, glabrous, simple, multi-chambered. Galler: Neolasioptera cerei Rübsaamen, 1905 (Diptera, Cecidomyiidae) . Associated fauna: Hymenoptera parasitoid. Localities: Grande, Kutuca, Suja, Caju, João Manoel, Sítio and Armação Beaches. Occurrence period: April 2010 to March 2011. Temporal constancy: constant. Previous records from Brazilian restinga areas: Ilha Grande, Jurubatiba, Maricá, and Carapebus .
Celastraceae
Maytenus obtusifolia Mart.
Gall ( Fig. 33) : on leaf, lenticular, green, glabrous, simple, one-chambered. Galler: Mayteniella distincta Maia, 2001 (Diptera, Cecidomyiidae) . Associated fauna: Hymenoptera parasitoid. Localities: Grande, Kutuca, Suja, Caju, João Manoel, Sítio and Armação Beaches. Occurrence period: April 2010 to March 2011. Temporal constancy: constant. Previous records from Brazilian restinga areas: Grumari, Maricá, Carapebus, Arraial do Cabo, and Jurubatiba Monteiro et al. 1994 .
Gall ( Fig. 34 This is the first record of insect galls in this plant species. Euphorbiaceae Alchornea triplinervia (Spreng.) Müll. Arg. Fig. 39 ): on stem, fusiform, brown, glabrous, simple, multi-chambered. Galler: Cecidomyiidae (Diptera) . Locality: Suja Beach. Occurrence period: December 2010. Temporal constancy: accidental. Previous records from Brazilian restinga areas: Bertioga .
Gall (
Chaetocharpus echinocarpus (Baill.) Ducke
Gall ( Fig. 40 
Verbenaceae
Lantana camara L.
Gall: on leaf, globoid, green, hairy, complex, one-chambered. Galler: Schismatodiplosis lantanae Rübsaamen, 1907 (Diptera, Cecidomyiidae) . Localities: Kutuca and Suja Beaches.
Occurrence period: June, August and September 2010. Temporal constancy: accidental. Previous records from Brazilian restinga areas: Maricá Monteiro et al. 1994) .
Gall ( Fig. 133 
CONCLUSIONS
Based on the present investigation and the results obtained we can conclude that Ilha da Marambaia presents the greatest number of insect gall morphotypes and of host plant species among the already studied restingas of the State of Rio de Janeiro. Among the plant families investigated, Myrtaceae proved to be the one with the highest gall richness and number of galled species. We also concluded that Eugenia, Fridericia, Guapira and Mikania are super-host genera in this restinga, and the leaf the most galled plant organ. Among the insects, Diptera was the most representative galler order, standing out the Cecidomyiidae, with Asphondylia, Lopesia and Neolasioptera showing the highest species richness. Concerning other insects, Hymenoptera was pointed as the unique order of parasitoids, while inquiline insects were represented by five orders and predators were represented by Cecidomyiidae and pseudoscorpions. Finally, Armação Beach presented the largest richness of gall morphotypes and host plant species.
